To compensate for stress imposed by salinity, biofilm formation and exopolysaccharide production are significant strategies of salt tolerant bacteria to assist metabolism. We hypothesized that two previously isolated salt-tolerant strains Halomonas variabilis (HT1) and Planococcus rifietoensis (RT4) have an ability to improve plant growth, These strains can form biofilm and accumulate exopolysacharides at increasing salt stress. These results showed that bacteria might be involved in developing microbial communities under salt stress and helpful in colonizing of bacterial strains to plant roots and soil particles. Eventually, it can add to the plant growth and soil structure. We investigated the comparative effect of exopolysacharide and biofilm formation in two bacterial strains Halomonas variabilis (HT1) and Planococcus rifietoensis (RT4) in response to varying salt stress. We found that biofilm formation and exopolysaccharide accumulation increased at higher salinity. To check the effect of bacterial inoculation on the plant (Cicer arietinum Var.
INTRODUCTION
Worldwide increasing salinity greatly reduces the nodulation, growth and yield of leguminous crops i.e., fababean, soybean, chickpea (22, 32, 38) . Chickpea, although frequently used over the world due to its higher nutritional value (33) , is severely affected by salt stress. Having higher protein content compared to other cereal crops, chick-pea (Cicer arietinum L.) is also an important crop for providing nitrogen to the soil (32) . Accumulation of extracellular exopolysaccharide and biofilm formation is commonly observed in bacteria. Significance of root-colonizing bacteria in improving plant growth has been variously reported (1) .
Biofilm is a complex association of bacterial cells attached to *Corresponding Author. Mailing address: Department of Microbiology and Molecular Genetics, University of the Punjab, Quaid-i-Azam Campus, Lahore-54590.; E-mail: aieshawaheed@yahoo.com Bacterial exopolysaccharide and biofilm formation different biotic and abiotic surfaces that can retain moisture and protects plant roots from various pathogens (8) .
Association on surfaces involves different polymers of sugars called EPS that protects bacteria from stress (40) .
Exopolysaccharides production by bacteria in saline soil can be helpful against osmotic stress. Biofilms are established on various surfaces like roots and soil particles, respectively resulting in cementing of soil particles. This can improve crop productivity and physiochemical properties of soil (7, 8) .
Formations of these aggregates have water retaining capacity and sustain physiochemical properties of soil (7) . The present research work aims to explore the exopolysaccharide accumulation in bacterial strains and consequences of their inoculation on plant growth stimulation and soil aggregate formation around roots.
MATERIALS AND METHODS
Two previously isolated and characterized (32) salt tolerant bacterial strains were used for the present research work, i.e., HT1 (accession no. DQ381961, Halomonas variabilis) and RT4 (accession no. JF794554 Planococcus rifietoensis). Strains were maintained on LB agar with 0.5 M NaCl added media.
Determination of Biofilm formation of bacterial cells
A qualitative assay for biofilm formation was done following (11) . Briefly, bacterial cultures were grown in LB Exopolysaccharides were quantified in terms of total carbohydrates and measured by the phenol-sulfuric acid method using glucose as a standard (16) . Experiments were performed in triplicates. 
RESULTS

Effect of varying salt concentrations on Biofilm formation
We have described the effect of varying salt concentrations in two different media on biofilm formation of two bacterial strains
Halomonas variabilis (HT1) and Planococcus rifietoensis (RT4).
Biofilm formation formed by both strains Halomonas variabilis 
DISCUSSION
We choose two previously isolated salt tolerant strains
Halomonas variabilis (HT1) and Planococcus rifietoensis
(RT4) and studied the effect of varying NaCl concentrations (M) on biofilm formation and exopolysaccharide production. Bacterial exopolysaccharide and biofilm formation Biofilm was higher in M9 medium as compared to LB medium. It seems that biofilm development protected the cells at elevated stress of nutrients and salt with increasing time.
Decrease in planktonic and loosely bound cells with a subsequent increase in tightly bound cells was observed. It may be speculated that bacterial cells fight back with stress to stay alive in the form of micro colonies (25) . Environmental stress like nutrients and osmotic stress poses increased bacterial competition for available nutrients, and bacteria revert from the planktonic stage to sessile assemblages at various biotic and abiotic surfaces to protect them in the rhizosphere (19, 20) .
Moreover, increased production of exopolysaccharide against higher salt stress also favors biofilm formation and protects this mini assembly by retaining a water layer around the cells (9, 15, 20, 23) . This is also in line with the previous findings that EPS 
